Introduction
Dimetal paddlewheel complexes contain dimetal cores supported by four bridging ligands such as carboxylates or formamidinates. 1 The unique electronic structure of these species results in complexes with a formal MM bond order of up to 4 and a dimetal core that can exhibit interesting photophysical properties or rich electrochemical behaviour. Diruthenium complexes have been of particular interest in recent years because of their application as catalysts in C-H amination 2 and aerobic oxidation, 3 and as materials with interesting magnetic properties. 4 They have also been shown to be remarkably effective at facilitating electron transfer between redox active centres, 5 making them good candidates for incorporation into molecular wires. Bu; X = Cl, Br) was used to assign some of these transitions, although a number of visible region transition remain unassigned.
The first aim of this study is to synthesis and characterise diosmium compounds containing the bulky carboxylate ligand 2,4,6-triisopropylbenzoate (TiPB; Scheme 1).
We have previously shown that this ligand can significantly distort the diruthenium core in complexes of form [Ru 2 (TiPB) 4 ] 0/+ , resulting in an unusual decrease in Ru-Ru bond length despite increase in bond order.
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We were intrigued to see if similar effects would be observed in the chemistry of diosmium compounds. The second aim of this study is to probe whether density functional theory calculations can be used to rationalise the structure and ground-state electronic configuration of diosmium tetracarboxylates.
Scheme 1.

Results and Discussion
Synthesis and characterisation
The 
X-ray Crystallography
Crystals of 1 suitable for X-ray diffraction were obtained by slow evaporation of a hexane solution. The structure is displayed in Figure 1 , and selected bond lengths and angles are given in Table 1 Pertinent bond lengths and angles for these complexes are included in Table 2 
Cyclic Voltammetry
The cyclic voltammograms of 1 (shown in Figure 2 
Electronic absorption spectroscopy
The UV/vis spectra of 1 and 2 contain similar features, so we will focus on discussion for 1. The spectrum of 1 in CH 2 Cl 2 is shown in Figure 3 and displays an intense peak at 397 nm. A detailed spectroscopic study on Os 2 (O 2 CCMe 3 ) 4 X 2 (X = Cl, Br) compounds by Miskowski and Gray has assigned this transition to a π(Cl) → π*(Os 2 )
LMCT transition. This study also used single crystal polarized absorption spectroscopy to assign weak absorbances at 850 and 1200 nm as the spin-allowed δ δ * and spin-forbidden δ * * transitions respectively. The low-energy region for 1 displays a weak absorbance at 875 nm, which we tentatively assign as the δ δ * transition, where as the expected δ * * transition is too weak and broad to be assigned with any confidence. We also note the appearance of a relatively weak band at 510 nm. This could be due to an impurity in the sample, but it does not disappear after repeated sample recrystallization. We
Whilst the reduced forms of 1 and 2 could not be isolated, we could study the 
Computational results
Methodology
Whilst density functional theory (DFT) calculations are now routinely used in the study of dimetal paddlewheel compounds, to the best of our knowledge the only computational studies on diosmium compounds have used SCF-Xα calculations. 15, 21 However, there have been a number of DFT studies on closely related diruthenium tetracarboxylates, employing a number of different functional and basis set combinations.
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A more detailed recent computational study by Roitberg and Cukiernik has used different levels of theory to evaluate electron transfer through coordination polymers containing diruthenium tetracarboxylates. In order to determine the best functional / basis set combination for diosmium tetracarboxylates we have performed geometry optimisations using BPE0 and B3LYP functionals with the relativistic basis sets SDD calculated and experimental data is seen for the BPE0 functional with SDD/6-31G* basis sets, and the results from these calculations will be used in the following discussion of electronic structure and spectroscopic assignments. The electronic structure of these diosmium paddlewheel compounds has been rationalized for the first time with the aid of DFT calculations that employ basis sets with a relativistic effective core potential for Osmium. The PBE0 / SDD / 6-31G* combination of functional and basis sets was found to most closely match the structural and optoelectronic properties of diosmium tetracarboxylates. These calculations also support a σ 2 π 4 δ 2 δ *1 π *1 electron configuration for the diosmium core, proposed by Miskowski and Gray on the basis of magnetic studies in 1997.
TDDFT calculations
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Experimental
General considerations
Matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry was performed using [1,8-dihydroxy-9,10-dihydroanthracen-9-one] (dithranol) as the matrix, prepared as a saturated solution in toluene. Allotments of matrix and sample were thoroughly mixed together; 0.5 mL of this was spotted on the target plate and allowed to dry. IR spectra were recorded as solid samples with a Perkin Elmer Spectrum RX I FT-IR spectrometer equipped with a DuraSamplIR II diamond ATR probe and universal press. Magnetic moments were determined at room temperature using a Sherwood Scientific Magway MSB Mk1 magnetic susceptibility balance. Molar diamagnetic corrections were applied to the magnetic susceptibility data on the basis of Pascal's constants.
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Electronic absorption spectra were recorded using a Varian Cary 5000 UV-Vis-NIR spectrophotometer. 
X-ray crystallography
Data were measured on a Bruker Smart CCD area detector with Oxford Cryosystems low temperature system. After integration of the raw data and merging of equivalent reflections, an empirical absorption correction was applied (SADABS) based on comparison of multiple symmetry-equivalent measurements. 30 The structures were solved by direct methods (SHELXS-97) and refined by full-matrix least squares on weighted F 2 values for all reflections using the SHELX suite programs.
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All hydrogens were included in the models at calculated positions using a riding model with U(H) = 1.5 x U eq (bonded carbon atom) for methyl hydrogens and U(H) = 1.2 x U eq (bonded carbon atom) for methine and aromatic hydrogens.
One of the TiPB groups in 1 was disordered over two positions (0.49/0.51 site occupancy), and the atoms associated with the disordered components were refined isotropically. The supplementary crystallographic data for this compound is contained in CCDC 941063. for Os, and 6-31G* basis set 37 for all other atoms. Unrestricted openshell calculations were performed in every case. Electrons of alpha and beta spins are independently described which results in a set of orbital energies and molecular orbitals for electrons of alpha spin and another one for electrons of beta spin. Full geometry optimization was performed with C i symmetry constraints for each functional / basis set combination in both vacuum and in a CH 2 Cl 2 solvent cavity using the polarizable continuum model, as implemented in Gaussian 09. The results from the PBE0 / SDD / 6-31G* combination most closely matched the experimental data, and the structures in vacuum and solution were confirmed to be the minimum on the potential energy surface by frequency analysis.
Electronic absorption spectra were calculated using the time-dependent DFT (TD-DFT) method.
Supporting Information
Calculated atomic coordinates for Os 2 (O 2 CCH 3 ) 2 Cl 2 (both vacuum and PCM solvent model)
at the PBE0 / SDD / 6-31G* level of theory.
